With an adaptive optics imaging survey of 148 B6-A7 stars, we have tested the hypothesis that unresolved lower-mass companions are the source of the unexpected X-ray detections of stars in this spectral type range. The sample is composed of 63 stars detected in X-rays within the ROSAT All-Sky Survey and 85 stars that form a control sample; both subsets have the same restricted distribution of spectral type, age, X-ray sensitivity and separation coverage. A total of 68 companion candidates are resolved with separations ranging from 0.
INTRODUCTION
The detection of X-ray emission from Main Sequence stars is common (Vaiana et al. 1981) , with the notable exception of late B-and early A-type stars (e.g. Stauffer et al. 1994) . Two distinct generation mechanisms are responsible for the X-ray emission, related to the different stellar structure of massive O-and B-type stars and lower mass F-to M-type stars. For the massive stars, the hot stellar winds cause X-ray emission, while the lower mass stars produce X-rays from the confinement of superheated plasma within their magnetic fields.
Radiative winds driven by line-absorption and re-emission within the extended atmospheres of O-and early B-type stars form a key component of the model for X-ray emission from these massive stars (e.g. Lucy & White 1980) . Wind shocks caused either through instability generated through radiative driving (Owocki et al. 1988) , or due to collisions of magnetically driven wind streams (Feldmeier et al. 1997 ) are thought to be the primary ⋆ E-mail: derosa@astro.ex.ac.uk X-ray generation mechanisms. Interaction between stellar winds and surrounding material is also thought to produce X-rays (e.g. Giampapa et al. 1998 ).
For lower mass stars, stellar winds are too weak to generate X-rays, and the stellar corona is responsible for the emission of X-rays and is intrinsically linked to the magnetic field. For late A-to early M-type stars, magnetic fields arise from the αΩ dynamo caused by the differential rotation at the interface between the convective envelope and the radiative core (Spiegel & Weiss 1980) . The magnetic field generated by the dynamo process is essential for confining the superheated plasma necessary for Xray generation (Güdel 2004) . The heating mechanism required to maintain the corona at temperatures greater than 10 6 K was originally thought to be acoustic waves (e.g. Schwarzschild 1948; Schatzman 1949) , while current models involve Alfvén waves travelling perpendicular to the magnetic field (e.g. De-Pontieu et al. 2007 ; Jess et al. 2009 ). Localised magnetic reconnection events within the chromosphere are also a potential source of coronal heating through Joule heating (e.g. Sturrock 1999 ). Beginning at a spectral type of M3 (∼ 0.35M⊙), the stars become fully convective (Chabrier & Baraffe 1997 ) and the high level of magnetic activity observed (e.g. Randich 2000) may be due to an α 2 -type dynamo generation mechanism (Chabrier & Küker 2006) , in which turbulent motions are able to generate large-scale magnetic fields.
In addition to the emission mechanisms intrinsic to the star, X-rays can be generated by processes involving binary systems. Accretion of material within cataclysmic variable systems (e.g. Patterson & Raymond 1985) and compact object binaries (e.g. Shapiro et al. 1976 ) can produce X-ray fluxes. For stars between spectral types B6 to A7, which are expected to be X-ray quiet, the presence of a low-mass companion can lead to the detection of X-rays which are assigned to the primary if the companion is unknown. This study is designed to explore the hypothesis that unresolved lower mass companions are the true source of the unexpected X-ray detections from B6-A7 stars.
PREVIOUS OBSERVATIONS

X-ray detection of B6-A7 stars
Early studies of stellar X-ray emission conducted with the Einstein Observatory measured a notable decrease in the fraction of X-ray detected A-type stars (0.00 B − V 0.25) compared to bluer and redder stars (Topka et al. 1982; Schmitt et al. 1985) . Out of the 35 A-type stars observed by Schmitt et al. (1985) , only 7 were detected and 4 were listed as having a secondary component which could be the source of the X-ray emission. Einstein observations of coeval stellar groups also showed a similar decrease in the fraction of X-ray detections of A-type stars between 0.00 B − V 0.3 (e.g. Micela et al. 1985; Schmitt et al. 1990 ).
The increased sensitivity provided by the ROSAT mission and all-sky coverage led to the detection and characterisation of a significant number stellar X-ray sources (Voges et al. 1999) . A search by Huensch et al. (1998b) of the Bright Star Catalogue (Hoffleit 1964 ) and the ROSAT Bright Source Catalogue for objects within 90 ′′ of the same position defined a population of 232 B6-A7 Xray detected stars. To investigate possible sources of the X-ray emission for this sample, the X-ray luminosity was compared with spectral type, spectral peculiarities and rotational velocities (e.g. Simon et al. 1995; Schröder & Schmitt 2007) . The lack of a dependence on any of these factors was taken as evidence of unresolved companions. Without a comprehensive binary survey of Atype stars, it was not possible to test the companion hypothesis directly. Similarly, X-ray data from Chandra which could resolve the emission source in tight (ρ ∼ 0.
′′ 5) binary systems does not exist for a significant sample of X-ray B6-A7 stars.
High-resolution imaging companion searches
High resolution AO imaging studies of X-ray detected B-and Atype stars have been employed to search for lower mass stars capable of producing X-rays. Pointed observations of late B-type stars with known lower mass companions (e.g. Schmitt et al. 1993; Berghofer & Schmitt 1994 ) wide enough to be resolved with the ROSAT High Resolution Imager were obtained to determine the source of the X-ray emission. These observations typically identified the B-type star as the source of X-ray emission, although subsequent high-resolution AO imaging has revealed additional components to several of these systems (e.g. Shatsky & Tokovinin 2002) . Sub-arcsecond binary companions have also been resolved with high-resolution AO imaging of pre-Main Sequence companions to late B-type stars (e.g. Hubrig et al. 2001) .
Recent discoveries of low-mass companions to Alcor (Mamajek et al. 2010; Zimmerman et al. 2010 ) and ζ Virginis (Hinkley et al. 2010 ) have both noted that the unexplained X-ray emission from the primary can be explained by the lower-mass companion, and demonstrate how X-ray emission from A-type stars could be a useful tool in searching for low-mass companions. The current study expands upon the existing imaging results of Xray detected B6-A7 stars by observing a large sample of both X-ray stars and a control sample. 
SAMPLE
Two samples were constructed in order to test the companion hypothesis: a 63-star X-ray detected sample, and an 85-star control sample. The distributions of spectral types reported in the Hipparcos catalogue for both samples are shown in Figure 1 , and a K-S test confirms that both are drawn from the same distribution. The majority of the total sample, 108 targets, form a part of our ongoing Volume-limited A-Star (VAST) survey which will include all A-type stars within 75 parsecs. Both the X-ray and control samples includes targets spanning a similar range of ages, as shown in the colour-magnitude diagram in Figure 2 . To perform a robust test of the companion hypothesis, we ensured that each sample had a similar distribution of sensitivity to X-ray sources. Background X-ray counts were extracted from the ROSAT All Sky Survey (RASS) observations at the coordinates of each target within both samples. A minimum detectable X-ray flux at each coordinate was estimated as five times the background level. These minimum fluxes were calculated assuming a hardness ratio of 0.5, typical of low-mass stellar sources (e.g. Huélamo et al. 2000) . The X-ray luminosity (LX) was then calculated based on a distance equal to that of the target. (Micela et al. 1996; Stern et al. 1995) . The distributions of minimum detectable LX for both samples are shown in Figure 3 . The latest spectral type companion to which the RASS observations are sensitive to depends on the age of the target, derived from theoretical isochrones (Fig. 2 -Marigo et al. 2008) , and the X-ray luminosity sensitivity of the observations (Fig. 3) . The distribution of this spectral type sensitivity is given in Figure 4 . Most of the targets within both samples had RASS observations sensitive to M-type companions and above: 75% of the X-ray sample and 85% of the control sample. Nearly all the RASS observations were sensitive to K-type companions -87% of the X-ray and 93% of the control sample -and the few remaining targets were sensitive to F-or G-type companions. . Distribution of Hipparcos -ROSAT offsets for 479 X-ray detected early-type stars (hatched histogram). These stars have a ROSAT source within 90 ′′ using the same criteria as Huensch et al. (1998a) . The tail of the distribution was removed by selecting a more stringent maximum offset of 35 ′′ (dashed line). The offset distribution for the 63 early-type stars within the X-ray detected sample is overplotted (cross-hatched histogram).
The targets within the X-ray detected sample were chosen based on the presence of a ROSAT Bright Source Catalogue (Voges et al. 1999 -BSC) or ROSAT Faint Source Catalogue (Voges et al. 2000 -FSC) source within 35
′′ of the Hipparcos coordinate of each target. As noted in Table 5 , 51% are from the Faint Source Catalogue. Previous correlations between BSC sources and optical star catalogues (e.g. Huensch et al. 1998a ) have typically used a maximum offset of 90 ′′ between the catalogue positions, to define an X-ray source. The distribution of the offsets between X-ray source position and Hipparcos position is given in Figure 5 and we have applied a more stringent maximum offset cut-off than previous studies, 35 ′′ . All of the A-type stars within the X-ray sample were also identified as X-ray stars in previous studies of X-ray detected A-type stars (e.g. Schröder & Schmitt 2007 ).
OBSERVATIONS
High resolution AO images were obtained for all 148 stars in order to compare the binary statistics of the X-ray and control samples. The data were acquired with several instruments listed in Table 3 -VisIm (Roberts & Neyman 2002) on AEOS, KIR (Doyon et al. 1998 ) on CFHT, NIRI (Hodapp et al. 2003) on Gemini North, and PHARO (Hayward et al. 2001 ) on Palomar. The resolution limit λ/D ranged from 0.
′′ 05 for the IC-band AEOS images to 0. ′′ 13 for the K ′ CFHT images. The filter used for observations with each instrument is given in Table 3 , alongside the corresponding narrowband filter in parentheses. The FWHM of the image cores typically matched the diffraction-limit, due to the high quality AO correction on these bright stars. Given the nearby distances of the targets (D < 170 pc), the resolution limit corresponds to projected separations of ∼10 -20 AU. The field-of-view ranges from 21.
′′ 7×21. ′′ 7 to 35. ′′ 6×35. ′′ 6, making binary systems as wide as ∼ 3000 AU detectable. The effective field-of-view for the combined science images was increased by dithering the target on the detector. The search range covers the peak of the binary separation distribution of lower mass stars (e.g. Duquennoy & Mayor 1991; The observing strategy was consistent for all targets. To search for close companions, unsaturated exposures were obtained of each target using either a narrow-band or neutral-density filter. Exposure times ranged from 0.01s to 4.0s, with stacks of 3 to 500 frames. To detect wider, fainter objects approaching the bottom of the Main Sequence, longer exposures in a wide-band filter were recorded with total integration times ranging from 41s to 720s. Details of the filter combinations are given in Table 3 and exposure times of individual targets are listed in Tables 1 and 2 . Because of the brightness of the targets, all-sky survey images from 2MASS are saturated over a significant fraction of the separation range covered by the images within this study.
DATA ANALYSIS
The science images were processed with standard image reduction steps including dark subtraction, flat fielding, interpolation over bad pixels, and sky subtraction. Alignment of short exposure images was achieved through Gaussian centroiding, while the saturated exposures were aligned by cross-correlating the diffraction spikes (e.g. Lafrenière et al. 2007 ). To improve the measurable contrast ratios, a radial subtraction was performed on the saturated images to suppress the seeing halo of the central star. Finally, all the processed images were median-combined to increase the signal-to-noise ratio of any detection Candidates were identified by visual inspection, and the separation and magnitude difference were measured for each candidate, as reported in Tables 4 and 5 . The projected separation between the central star and candidate was calculated from the positions of the centroids of each component in the final median-combined image. The uncertainty of the separation incorporates both the uncertainty in the instrument pixel scale, given in Table 3 , and the standard deviation of the measurements from each individual exposure. An estimate of the physical separation in AU was then determined from the Hipparcos-derived distance to the primary. The position angle of each candidate was measured based on the instrument field orientation, given in Table 3 , and the rotation angle on the sky for all Gemini and a subset of the AEOS data. For data obtained at Palomar and CFHT, there is no instrument or sky rotation. Typically, the total uncertainty is dominated by the measurement uncertainty, however the lack of calibration measurements within some of the observation runs requires a more conservative estimate of the plate scale and angle of true north uncertainty.
The magnitude difference between each candidate and tar- get star was measured with aperture photometry. Using an aperture of twice the FWHM, the fluxes for the candidate and unsaturated star were measured. If the candidate was only detected in the saturated image, then the comparison flux of the central star was scaled according to the exposure time of the saturated image and the appropriate filter bandpass. The reported magnitude difference uncertainty was estimated as the standard deviation of the values from each processed image before combination. Using the magnitudes of the target from the Hipparcos and 2MASS (Cutri et al. 2003 ) source catalogues, the apparent magnitude of the candidate was determined. An estimate of the physical properties of both primary and candidate companion was made using a combined set of theoretical solar-metallicity isochrones (Marigo et al. 2008; Baraffe et al. 1998) . Each target was plotted on a colour-magnitude diagram (Fig. 2) from which an estimate of the age was derived. Estimated colours and bolometric luminosities were obtained for the companion candidates based on the measured magnitude difference, using an isochrone of the same age as the primary.
RESULTS
Detections
Among the 148 targets, a total of 68 candidate companions were imaged around 59 members of the total sample. One-third of the candidate companions, 23 systems, are newly resolved. The binary angular separations range from 0.
′′ 3 to 26. ′′ 2, and the magnitude differences range from 0.3 to 11.9, corresponding to spectral types of mid-A to late-M for associated companions. The measured magnitude difference of the candidates is plotted as a function of sep- aration in Figure 6 . Properties of the companion candidates in the X-ray and control samples are listed in Tables 4 and 5 , respectively. Candidate companions are limited to those with less than 5% probability of being a background object, based on the star density analysis described in §6.3.
Detection limits
The sensitivity to companions varies with angular separation from the central star due to the significant residual halo from the bright targets. Detection limits for each image are quantified by determining the flux level in a 5×5 pixel aperture that would produce a signal 5σ above the noise within the aperture. The median magnitude difference sensitivity curve for each instrument is plotted in Figure 6 . Since the data were obtained at several wavelengths, the bottom of the Main Sequence corresponds to a different magnitude difference for each instrument. For an A0 primary, a companion at the bottom of the Main Sequence would have an absolute magnitude of 14.3 at IC, 10.5 at H, and 10.2 at KS at an age of 700 Myr. The infrared data obtained at CFHT and Gemini are sensitive to the bottom of the Main Sequence at separations beyond ∼ 2 ′′ . The achieved contrast for the Palomar data was less due to the shorter exposure times, and reached a companion mass limit of 0.12 M⊙ to 0.2 M⊙, depending on the age of the target. The AEOS data have a sensitivity limit to companions ranging from 0.08 M⊙ to 0.1 M⊙. The sensitivity to companions for both the X-ray and control samples is similar, making the difference between the two measured binary frequencies a valid test of the companion hypothesis.
Probability of chance superpositions
An estimate of the probability of each companion candidate being an optical binary was made based on the local stellar densities for each target, measured from the 2MASS source catalogue. The number of sources within a 2
• × 2 • box of each target was determined in magnitude bins 1 magnitude in width from 0-14 mag for the J, H, and KS bandpasses. An example plot of this differential source count per area is given in Figure 7 . A power law fit was applied to the counts such that
where N is the number of sources within a separation ρ from the target, with an apparent magnitude brighter than m, expressed as a function of the two fit parameters a, the gradient, and b, the intercept. For the IC band observations obtained at the AEOS, we have approximated the local stellar density using the J band 2MASS data. Candidates with N > 0.05 were assumed to be a background object, and not counted for any aspect of this study -a total of 492 candidates were rejected through this process. To compare the stellar density across the samples, Tables 1 & 2 give the number of objects brighter than 14 th magnitude expected per square arcminute in the vicinity of each target. In order to prove physical association of the companion candidates which satisfy this criterion, a second epoch measurement will be required.
DISCUSSION
Multiplicity comparison
The frequency of multiple systems in the X-ray and control sample was determined by two methods. In the first calculation, the total field-of-view of each observation was used, and, in the second calculation, the search area was restricted to the RASS position error box. For each approach, candidate companions with a small magnitude difference, consistent with a spectral type in the B6-A7 range, were excluded from the X-ray companion hypothesis test and are listed separately in Table 6 . This criterion of a companion capable of generating X-rays eliminated one binary companion from the X-ray sample and two companions from the control sample. All multiple systems considered also satisfied the background object probability of < 5%, as described in §6.3.
Considering the total field-of-view of the combined dithered observations, candidates satisfying the magnitude and background probability criteria were included in the multiple frequency measurement. Among the X-ray sample, 60 +6 −6 % were multiple, compared to 20 +5 −4 % for the control sample -a difference of 40 ± 8%, a 5σ result. These and subsequent reported errors are estimated from a binomial distribution (e.g. Burgasser et al. 2003) . Spectroscopic binaries -unresolved with these observations -constitute a significant fraction of both samples (∼ 15%, Pourbaix et al. 2004) . This estimate represents a lower limit on the frequency since the sample of stars observed with the radial velocity monitoring is not known, and the large v sin i of the primary and less massive unseen companions make such observations challenging. These spectroscopically resolved binaries are not considered within our statistics.
The multiplicity of the X-ray sample was also measured by considering only companion candidates that were located within the confines of the RASS error ellipse. For each target, the AO data covered a portion of the RASS error ellipse ranging from 25 to 100 percent. This additional restriction lowered the multiple frequency to 43 +6 −6 %. To determine a comparable frequency for the control sample, a series of companion searches were performed by randomly assigning the RASS-optical offset and corresponding error ellipse of an X-ray target to a control target and determining the number of candidate companions which fall within the error ellipse. Based on a large number of simulations (100,000), the frequency of multiples was estimated as 12 +4 −3 %. These two frequencies are different by 31 ± 7%, a 4σ result.
A summary of the multiplicity calculations is given in Table 6 . The high statistical significance of the difference in frequencies for the X-ray and control samples provides strong support of the companion hypothesis as an explanation of the X-ray detection of B6-A7 stars. Further evidence for individual systems with separations of a few arcsecond could be provided by high resolution Chandra observations which would have the pointing accuracy to assign the X-ray flux to the companion unambiguously. One target, Merope in the Pleiades, was observed with the high resolution mode of Chandra, but the binary separation is only 0. ′′ 25, making the discrepancy between the Chandra and 2MASS coordinates ambiguous in this case. Targets within the X-ray sample for which no companions have been resolved will make prime targets for future interferometric and spectroscopic study in a search for lower-mass companions with angular separations low enough to render them undetectable with AO observations.
ROSAT positional uncertainty
Previous studies of the unexplained X-ray detection of early-type stars (e.g. Schröder & Schmitt 2007) have used the same definition of an X-ray detected early-type star as presented by Huensch et al. (1998a) -any X-ray source within 90
′′ of an optical source can be attributed to the optical source. This value was based on estimating the frequency of false attribution by means of a Monte Carlo simulation, and was selected at the radius at which the probability of correctly attributing an X-ray source is ∼50 percent. A significantly lower offset of 25 ′′ was calculated by Voges et al. (1999) from a correlation of the Tycho catalogue and ROSAT Bright Source Catalogue positions, a radius within which 90 percent of the optical targets have an X-ray source attributed. This measurement represents the empirical positional uncertainty of the RASS source catalogue positions.
The sample investigated within this study was initially selected in the same manner as Huensch et al. (1998a) -using a maximum offset of 90 ′′ . The tail of the offset distribution was removed by applying a more stringent maximum offset at 35 ′′ , as described in §3. Variations in the field-of-view size between instruments caused the coordinates of the X-ray source given within the RASS to be outside of the field-of-view within a small subset of the observations. In order to investigate any biases this may have had upon the results presented previously, the sample was further restricted to only include those targets for which the RASS source position was within the field-of-view and at least 50 percent of the RASS error ellipse was covered -a total of 45 stars. For this sample a marginally higher frequency of companions located within the RASS error ellipse was recorded, 53 +7 −7 %, reinforcing the result obtained with the unrestricted sample.
Comparison of measured and expected X-ray luminosities
Candidate companions with measured colours
Several of the candidate companions to X-ray targets have a measured I − K colour from this study, and are plotted in Figure 8 . The colour provides additional information to estimate the spectral type of the object and to test further the capacity of the second object to generate X-ray emission. The three systems with colours are: (1) HIP 20648, (2) HIP 45688, and (3) HIP 76878. The I − K colours of the candidate companions are all consistent with X-ray emitting companions: 0.71 ± 0.05 or late F-/early G-type for HIP 20648 B, 0.83 ± 0.37 or mid G-type for HIP 45688 B, and 2.54 ± 0.44 or late M-type for HIP 76878 B.
With the assumption of a distance and age equivalent to the primary distance, the X-ray luminosity associated with the ROSAT detection can by checked for consistency with the spectral type. The position on the colour-magnitude diagram for each primary star and its imaged candidate companion is given in Figure 8 , assuming the distance to each component is the same. Each case is examined individually, and the colour and proper motion measurements clearly support the assignment of the X-ray emission to the candidate companion in two cases, while one case remains uncertain.
The theoretical isochrone that best fits the first target, HIP 20648A, corresponds an age of ∼650 Myr, and the candidate companion position in Figure 8 is as expected for an associated companion. The companion X-ray luminosity is log LX = 28.71, and this value falls between the X-ray luminosities of Hyades F-and G-type stars. The assessment of the second target, HIP 45688, is complicated by the presence of a known close companion to the imaged candidate companion (ρ ∼ 0.
′′ 06 -McAlister et al. 1993) , unresolved in the current data. The composite colour and magnitude of the BaBb system appear to be more luminous than expected for an object at the 630 Myr age estimated for the primary, even if the pair is an equal magnitude binary. The X-ray luminosity of BaBb would be log LX = 29.43, significantly higher than younger G-type stars in the Hyades. For the final system, HIP 76878, the best fit age is 700 Myr, similar to the Hyades. The X-ray luminosity of the candidate companion is log LX = 29.26, if the distance is equal to that of HIP76878. This X-ray level is higher than observed X-ray luminosities of M-dwarfs of similar age within the Hyades (Stern et al. 1995) . In this case, the time baseline between the two observations also reveals a significant motion of the candidate relative to the primary on a trajectory different from both a background object and a bound companion. The presence of a foreground M-dwarf in a chance superposition with HIP76878 explains this discrepant proper motion, the red colour of the object, and the unusually high X-ray luminosity. 
Candidate companions in open clusters
A subset of the X-ray detected targets with imaged candidate companions are members of stellar clusters. HIP 17608 and HIP 17923 are Pleiades members, while HIP 20648 is a Hyades member. Extensive X-ray population studies of both the Pleiades (e.g. Micela et al. 1985; Stauffer et al. 1994; Daniel et al. 2002) and the Hyades (e.g. Micela et al. 1988; Stern et al. 1995) have been conducted with Einstein ROSAT and Chandra, providing comparison X-ray luminosities to test the likelihood that the candidate companions are responsible for the detected X-ray emission.
The candidate companion to HIP 17608 (Merope in the Pleiades) with 0.
′′ 25 separation is shown in Figure 9 . With a magnitude difference of ∆IC = 4.0 ± 0.4, the second object is a mid F-type star if associated. Assuming a distance to the Pleiades of 133 pc (Pan et al. 2004) , the X-ray luminosity for the HIP 17608 system is log LX = 29.91. The typical X-ray luminosity of F-dwarfs within the Pleiades is estimated to be log LX ∼ 29.43 ± 0.29 (Stauffer et al. 1994) , indicating that the companion to HIP17608, if associated, is on the upper limit of X-ray activity for this class of star.
For the second Pleiades member, the observations resolve three of the companions (B,Ca,Cb) within the HIP17923 quintuple system. Based on the measured magnitude differences, we estimate the mass of the components as follows: B -1.2 ± 0.1 M⊙ (mid Ftype), Ca -1.2 ± 0.1 M⊙ (mid F-type), Cb -0.9 ± 0.1 M⊙ (mid G-type). Deeper X-ray observations of the Pleiades (Micela et al. 1999 ) revealed an estimated X-ray luminosity of log LX = 30.08 for this system. If the X-ray counts were distributed evenly between the three later-type companions resolved within our AO images, the individual X-ray luminosities would be log LX ∼29.6, similar to G-and F-type Pleiades members (Stauffer et al. 1994 ).
The final cluster X-ray target with a resolved companion is the Hyades member HIP 20648. As described in §7.2, the candidate Figure 10 . The ratio of X-ray to bolometric luminosity is plotted as a function of colour for the candidates resolved within this study. The majority of candidates are constrained by the Pleiades (blue triangles) and Hyades (red diamonds) members, representing the two age extremes of the sample. companion also has a measured I-K colour consistent with a late F-/early G-type star, and the X-ray luminosity assigned to the target is consistent with a Hyades G-type star (Stern et al. 1995) .
Remaining candidate companions
For the remaining candidate companions, an estimate of the ratio of X-ray to bolometric luminosity can be made under the assumption that the candidate is a physical companion at the same distance. From the absolute magnitude, the V − I colour and bolometric lu-minosity were inferred from theoretical isochrones (Baraffe et al. 1998) . The ratios of the observed X-ray luminosity to the estimated bolometric luminosity (LX/L bol ) are plotted as a function of V − I colour in Figure 10 , with Pleiades and Hyades members (Zuckerman & Song 2004 ) overplotted as reference populations spanning the age range of the sample.
All but two of the candidates are within the region bound by the ∼ 100 Myr Pleiades and ∼ 650 Myr Hyades members. Uncertainty exists on both axes since both the V − I colour and bolometric luminosity are estimated from theoretical isochrones, assuming the distance. Future observations to accurately determine the colour of these candidates will provide a more robust estimate of the bolometric luminosity. The two outlying candidates shown in Figure 10 have unphysical high luminosity ratios, significantly higher than the observed luminosity ratios of late M-type stars (e.g. Pizzolato et al. 2003) . In these two cases, additional unresolved companions, or background X-ray sources, present a more feasible explanation for the detected X-ray flux. The rate of false-detections, 2/49, corresponds to the 5% contamination introduced through the statistical method applied to the candidates to remove background sources, as described in §6.3.
SUMMARY
In summary, a total of 148 stars with spectral types in the range B6-A7 and distances of < 200 pc have been observed with AOequipped cameras on 3.8m-8m telescopes. The high resolution images were sensitive to companions with angular separations from ∼0.
′′ 3 to 26. ′′ 2 and magnitude differences extending to ∼14 mag. A total of 68 candidate companions to 59 targets were resolved, and the frequency of multiple systems was measured to be substantially higher for the X-ray detected sample. The high frequency of multiples, 43 +6 −6 %, compared to 12 +4 −3 % for the control sample is different by 4σ and provides strong evidence that the source of the X-ray emission is the candidate companion. The X-ray detected stars with no resolved companion make ideal candidates for future interferometric observations, as this study has shown that the X-ray detection is indicative of the presence of an unresolved companion, and interferometry can resolve binaries below the resolution of the adaptive optics data presented here.
For three candidate companions to X-ray targets, the I − K colour was also measured, and the colours are consistent with late F-to late M-type stars, supporting the identification of the second object as the X-ray source in two cases. Among the X-ray targets with candidate companions, there are also three cluster members, and the known age, distance, and cluster X-ray properties enabled a further test of the companion X-ray luminosity with other cluster members. In each case, the companions -if associated -would have an X-ray luminosity similar to, or on the upper range of, cluster stars with similar magnitude. Follow-up observations of the Xray targets with candidate companions using Chandra would provide the angular resolution in the X-ray band necessary to confirm the second object as the true source of the X-ray emission.
